C NMR, COSY, HMQC correlation measurements were recorded using a Bruker Ultrashield plus 500 spectrometers with solvent-proton as internal standard. Elemental analyses were carried out on a Vario Micro Cube. FT-IR spectra were measured using KBr pellets (Magna FTIR 750, Nicolet) in the region of 4000-400 cm −1 . Mass data were acquired with a MicrOTOF-Q II Bruker for ESI-TOF. Travelling wave ion mobility mass spectrometry (see below: SI7)
2.
Ligand synthesis
The preparation of the potassium pyrazolate salt and its reaction with the ethyl 6-bromopicolinate was carried out in a one-pot reaction. The ethyl 6-(pyrazol-1-yl)picolinate A could be isolated in a reasonably good yield of 65% after two steps. Ester cleavage under basic conditions gave 6-(pyrazol-1-yl)picolinic acid. Finally, two equivalents of this acid B and one equivalent of 1,2,4,5-benzenetetramine tetrahydrochloride took part in a condensation reaction in polyphosphoric acid at 220°C in the presence of air yielding 90 % of the product. With respect to all four reaction steps ligand L was isolated in about 54 % yield.
SIFig.1 Synthesis of ligand L (PPA: polyphosphoric acid)
Ethyl 6-(pyrazol-1-yl)picolinate (A)
A 250-mL-Schlenk-flask was charged with a magnetic stirrer bar and three vacuum-argon cycles were applied. Diglyme (100 mL, freshly distilled from CaH 2 ) was transferred to the flask. Potassium (1.07 g, 27.36 mmol, 0.85 eq.) was added followed by 1H-pyrazol (2.24 g, 32.9 mmol, 1 eq.). Hydrogen evolution was observed. The reaction was stirred and warmed up to 60 later to70 °C overnight. After 14 hours, ethyl 6-bromopyridine-2-carboxylate (5 g, 21.7 mmol) was added at once and heated at 110°C for two days. The reaction was stopped. The solvent was removed by distillation. The remaining product was dissolved in CH 2 Cl 2 and ice-water, followed by extraction with 3 x 50 mL CH 2 Cl 2 . The combined organic layer were dried over Na 2 SO 4 , filtered, solvent was removed by rotary evaporation. The product was dried at vacuo and used without further purification. Yield: 3.068 g (65% Fe (0.025g) was placed into a flask together with a few drops of water and cooled with ice (T=0 °C). The addition of concentrated aqueous HCl (0.1 cm 3 ) was followed by the evolution of hydrogen. The reaction was stirred over night until the iron was dissolved completely. The water was removed under reduced pressure at a rotary evaporator almost to dryness. The white/off-white powder was suspended in diethyl ether and decanted, this was carefully repeated twice. The white solid, [Fe(H 2 O) 4 Cl 2 ], was dried at vacuo. Yield 80-90%.
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Fe(DMSO) 6 (CF 3 SO 3 ) 2 : Fe(H 2 O) 4 Cl 2 (0.153g, 0.769mmol, 1eq) was dissolved in deaerated CH 3 CN (15 mL) and MeOH (4 mL). Ag(CF 3 SO 3 ) 2 (0.395 g, 1.54 mmol, 2eq) was added and stirred for 1 h in darkness. The precipitated AgCl was removed by filtration and a slightly yellowish clear solution was gained. The solvent was removed completely and DMSO (1 mL) was added. The reaction product was precipitated by the addition of dried and freshly distilled diethyl ether, filtered and dried at vacuo. Yield 0.314 g.
ESI MS investigation of the reaction mixture of 1
(The high-resolution mass spectrometry and the ion mobility mass spectrometry are described below in the SI chapter 7.) A drop of the synthetic solution was investigated by ESI-mass spectrometry in acetonitrile, SIFig.13 and SITab.1. The reaction product was re-crystallized at least three times from nitromethane and diisopropylether to remove the minor second component and to gain crystals suitable for X-ray diffraction. The crystals had to be handled quickly after removal of the mother liquid. It was noticed that they easily burst while they are dipped into N-patrone grease as a reaction of physical stress being moved from the tube to the goniometer head. The reason for this may be the loss of crystal-solvent. S19
Isomerization of the S-[2x2] grid complex isomers under microwave irradiation
SIFig. 16 Isomerization of the S-[2x2] grid complex isomer under microwave irradiation, 1 H NMR spectrum of 1S before (top) and after microwave irradiation
X-ray diffraction analysis
Single crystal X-ray diffraction data were collected on a STOE IPDS 2T diffractometer with graphite monochromated Mo-Kα radiation (0.71073 Å). Using Olex2, [1] the structure was solved with the ShelXS [2] structure solution program using Direct Methods and refined with the ShelXL [2] refinement package using Least Squares minimisation. Refinement was performed with anisotropic displacement factors for all non-hydrogen atoms (disordered atoms were refined isotropically). Hydrogen atoms were modelled on idealized positions.
Crystals suitable for X-ray diffraction were prepared a) for the 1C grid complex from acetonitrile and diisopropyl ether, b) for the 1S grid complex from nitromethan and diisopropyl ether by fractionized crystallization. [6] , [7] Only four SO 3 We defined the centroid of the benzene moiety joining the two imidazole units of one L ligand (SIFig.19e/f). The centroids were determined choosing the six C atoms of the respective benzene ring and using the "calculate centroids" function of the Mercury 3.5.1 (Build RC5) software provided free of charge by the Cambridge Crystallographic Data Centre (CCDC), http://www.ccdc.cam.ac.uk/Solutions/CSDSystem/Pages/Mercury.aspx. In 1C, the distance of two centroids of opposite C ligands is on average 4.6 Å and therefore almost half of the distance that was found for two centroids of opposite S ligands in 1S which is on average 8.9 Å. These distances defines also the space or pore size that is available surrounded by the grid arrangement. The two geometries of the S-/C-ligand backbone translate divergently into the two [2x2] 1C and 1S grid complex isomers with different structural parameter sets.
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Magnetic susceptibility measurements
All herein reported magnetic measurements were performed on a SQUID magnetometer (Quantum Design, model MPMS-XL-5). In all cases, the temperature dependence of the magnetic moment was recorded at B=0.1 T as an external magnetic field. The temperature sweeping rate was 1 K min −1 and it was the same for cooling and heating modes. Gelatine capsules as sample containers were used for the measurement in the temperature range 5-370 K. The very small diamagnetic contribution of the gelatine capsule and high temperature sample holder had a negligible contribution to the overall magnetisation, which was dominated by the sample. The diamagnetic corrections of the molar magnetic susceptibilities were applied using Pascal's constants. [8] In the case of high temperature magnetic measurement (300 -520 K), the experiment was carried out using a heating setup (oven for QD MPMS SQUID). High temperature sample holder consisted of Quartz glass tube and Teflon tape used as a pocket for the sample. All magnetic data were corrected for this background value and then processed into T product function.
The susceptibility measurements were performed with crystals grown (from nitromethan /diisopropyl ether) as described above. The crystals were collected from the mother solution via glass pipette, washed with diisopropyl ether and dried under a stream of nitrogen to remove the remaining "surface" solvent molecules. The sample was measured first in the temperature range between 5-370 K, several cycles; for the high temperature measurements the sample was measured and cycled from 300-520 K and vice versa. It has to be noted, that the nice shape crystals of 1S are very fragile to solvent loss, which was already noticed during the X-ray diffraction measurements.
Nuclear resonance vibrational spectroscopy (NRVS), nuclear forward scattering (NFS), and calculation of the partial density of iron phonon states (pDOS)
NRVS experiments were performed at the Dynamics Beamline P01 at Petra III, DESY in Hamburg, Germany under experiment No. 9556. The polycrystalline powdered sample was prepared on a thin glass fibre on a goniometer head. The storage ring operated at 40 bunch mode with a bunch separation of 192 ns and 6 GeV beam energy. For temperature control a cryogenic N 2 gas stream (Oxford Cryosystems Ltd) was used. The NRVS data were collected during several scans within the energy range -20 to 80 meV with a 0.25 meV step size. The experimental energy resolution of the setup was ~ 1 meV (~ 8 cm
). The NRVS data and the pDOS were generated with a binning of 0.5 meV.
Results:
We have employed nuclear resonance vibrational spectroscopy (NRVS; also called nuclear inelastic scattering) in order to pin down the vibrational properties of complex 1S and to identify its spin marker bands. SIFig.20a and Fig. 4b shows NRVS data obtained at 80 K. From 150 up to 320 cm . This is due to the lower iron-ligand bond distances of the LS iron compared to the iron-ligand bond distances of the HS iron. [9] Thus the NRVS data displayed in SIFig. 20 show that 1S has a diamagnetic ground state with all four iron(II) ions being in the LS state. At 250 K there is an incomplete SCO observable which is almost complete at 400 K. This observation is confirmed by the nuclear forward scattering (NFS) data displayed in SIFig. 21 . NFS can be regarded as synchrotron based Mössbauer spectroscopy in the time domain and allows similar to conventional Mössbauer spectroscopy the determination of the quadrupole splitting ∆E Q . If S27 more than one iron species is present in the sample also differences of isomer shifts δ can be detected. The NFS data obtained at 80 K (SIFig.21a) shows a pattern which could be reproduced by a simulation assuming a single iron site with ∆E Q = 0.66 ± 0.01 mms -1 . Such a value is characteristic for a LS iron(II) site. At 250 K (SIFig.21b) a beating structure is observed which can only be explained by the presence of a further second iron site with other Mössbauer parameters. In fact, it is possible to reproduce the experimental data by a simulation [10] assuming the presence of two types of iron sites: ; This is consistent with isomer shifts reported for 6N coordinated HS iron(II) centers (δ HS =0.9-1.05 mms -1 at room temperature) and reported for 6N coordinated LS iron(II) centers (δ LS =0.3-0.4 mms -1 at room temperature). [11] However, at 400 K it was not possible to obtain NFS data due to the low probability for coherent nuclear forward scattering events which is caused by the low Lamb-Mössbauer factor f of chemical complexes at elevated temperatures resulting in extremely low count rates (SIFig.21c). the high spin state (M=17) based on density functional theory calculations using Gaussian 09 (Rev.C01/B3LYP*/CEP31-G). [12] The vertical lines highlight the quadratic displacement of the iron atoms as a function of the energy of the corresponding vibrations.
In order to understand the vibrational properties of the LS and HS states we have performed density functional theory (DFT) calculations using Gaussian09 (Rev. C01/B3LYP/CEP-31G). [12] 
Mass spectrometry / ion mobility
Structural information about gas-phase ions can be obtained using ion mobility mass spectrometry. Ion mobility is a technique that spatially separates ions under the influence of an electric field by affecting their motion via collisions with a buffer gas. In the present work, travelling-wave ionmobility (as implemented on a SYNAPT G2S-HDMS, Waters) is used to distinguish isomers with an identical mass over charge ratio. Assuming comparable ionization efficiency, the relative amount of some of the species in the synthetic solution is reported. Identification of the C and S isomers is achieved by converting the arrival time distributions obtained using nitrogen as a buffer gas to helium-converted cross-sections using polyalanine dications as calibrants and comparing them to those of model structures. In order to account for the relaxation of the gas-phase ion structures compared to those of species packed in a crystal, to sample the complexes' conformational space, as well as to account for the charge state of the species observed using mass spectrometric techniques, both crystal structures and additional structures generated using the educated guess method and pre-optimized using OpenMopac (as low spin structures) were refined as high spin (multiplicity = 17) structures at the RI-BP86-D3-BJ/basis def2-tzvp (Fe), def2-svp (rest) level [13] , [14] , [15] , [16] , [17] , [18] , [19] , [20] using TURBOMOLE. [21] Minimum structures were confirmed by calculating harmonic force constants.
A reasonably good agreement between the experimentally inferred and the computed cross-sections as displayed below in SIFig.26 (cross-sections computed using Mobcal [22] , [23] , [24] with the parameter set of Campuzano et al. [25] for the trajectory method) is observed.
In order to characterize the species formed in the reaction medium, a drop of synthetic solution (diluted in acetonitrile) was electronebulized using nano-electrospray and the ion-mobility spectrum of the species present recorded concurrently to their mass spectrum (SIFig.24). The ion mobility data for the doubly charged Fe 4 C 96 N 40 H 58 2+ complexes is displayed in SIFig.25. The Cform/S-form data was obtained by solubilizing crystals identified to correspond to species with the S30 ligands forming C-type/S-type bridges. The S-form appears to convert in acidic media on the experiment timescale into a C-form with one of the irons hydrated (Fe (III) H) a species not observed when the synthetic solution is sprayed (in absence of formic acid addition). Comparison between the experimentally inferred He-corrected cross sections and the theoretical cross-sections is provided in SIFig.26. The experimental cross-sections were calibrated against doubly-charged polyalanine cations using the references cross-sections for doubly-charged species provided by Bush and coworkers. [26] SI- Fig. 25 The agreement between the experimentally inferred cross-sections and the theoretical ones (see SI- Fig. 26 ) is so that unambiguous assignment is possible. Furthermore, the structure associated with the peak at ~5. 
SI-
Quantum chemical calculations
Zero field splittings [27] and G-tensors were calculated for two mononuclear model complexes of the grid complex 1C shown in SIFig.28. The model complexes were obtained by cutting the C-C bonds of the bridging ligands after the first aromatic ring and saturating them by H-atoms. The atomic positions were taken from the X-ray structures, only the positions of the H atoms were optimized at DFT-level using the BP86 functional. For the model complexes, complete active space self-consistent field (CASSCF) calculations [28] and spin orbit configuration interaction (SOCI) calculations [29] in the active space were performed. The active space (6, 5) contained six electrons in the Fe(II) 3d orbitals. The orbitals were obtained by a state average calculation on the five quintet states of the 3d 6 configuration.
SIFig.28
Model complexes for the two slightly differently coordinated Fe(II) centres in 1C.
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The . The D values given in the main body are obtained by diagonalization of the tensors. The g-factors (g1=4.50, g2=0.76, g3=0.10, with an average of g=1.78 for model 1 and g1=7.93, g2=0.47, g3=0.16 with an average of g=2.85 for model 2, respectively) were obtained from the energy splittings of the two lowest electronic states assuming an effective spin of S=1/2. The average value for the two models amounts to g av =2.32.
The magnetic main axes were determined by applying the magnetic field on a hemisphere and determining the direction which shows the maximal energy splitting. In SI- Fig. 29 and 30, the field dependence of the five lowest electronic states (lowest S=2 state) along the magnetic main axes are shown for the two models.
SIFig. 29 Energies of the five lowest electronic states of model 1 in dependence of a magnetic field applied along the magnetic main axis. For B=0 T the zero field splittings can be extracted. The distance of the Fe centres in the grid complex is rather large (see SI 4.1, SI- Fig. 19a/b) . Therefore, the magnetic exchange couplings J ij are assumed to be close to zero. We found reasonable agreement with the experimental data by assuming that all centres have the same values for g (2.11) and D (-6 cm -1
) and an E/D value of 1/3. Introducing an exchange coupling constant different from zero did not improve the results.
